The sensitivities of three goldfish-cell lines to the lethal effects of four carcinogens/mutagens; 4-nitro quinoline-1-oxide (4NQO), 1-methyl-3-nitro-l-nitrosoguanidine (MNNG), mitomycin C (MMC) and bleo mycin (BLM), were compared using colony-formation assay. RBCF-1 and CAF-MM1 cells were more sensitive to 4NQO, BLM and UV than were GEM 199 cells. CAF-MM1 and GEM 199 cells showed almost the same sensitivity to MNNG, while the RBCF-1 cells were more sensitive. RBCF-1 cells were also the most sensitive to MMC and BLM among the three. This suggests that there may be some defect in DNA repair system in RBCF-1 cell line.
INTRODUCTION
For the detection of carcinogens/mutagens in the aqueous ecosystem, fish has been used as a test animals). Cultured fish cells were also used to study the effect of chemicals2, 3). Recently, several goldfish cell lines with the high plating efficiency have been established, and the follow ing characteristics of these fish cells have been reported on the lethal effects of radiation-8): a) all cell lines studied were found to be much more resistant to ionizing radiation than than mammalian cells when Do values were compared, and both Do and Dq values varied among these cell lines'), b) ionizing radiation causes DNA-strand breaks in fish cells and most of them are rejoined immediately after irradiation, as in mammalian cells8), c) the division delay after exposure to ionizing radiation was very short in fish cells'), d) two cell lines derived from the fin tissue of goldfish were sensitive to UV irradiation than the other cell line derived from erythrophoroma of goldfish'), e) all cell lines retain photoreactivability after UV irradiation, while no excision repair of pyrimidine dimers was demonstrated in any of these fish cell line S4, 5,9).
These results suggest that the DNA-repair mechanisms in fish cells may be different from those in mammalian cells and that the response of fish cells to DNA-damaging agents may also be different. In this report, sensitivities to carcinogens/mutagens of three fish cell lines with different sensitivities to radiation were studied. 
MATERIALS AND METHODS
Three established cell lines derived from goldfish (Carassius auratus) were used for the present study. RBCF-1a) and CAF-MM 110) were taken and cultured from the fin tissue of goldfish, and GEM 199 was grown from an erythrophoroma, a tumor originating from red pigment cells on the body surface of a goldfish". Cells were grown in HEPES-buffered (15 mM) medium 199 (GIBCO) supplemented with 10 per cent foetal bovine serum (FBS; Hyclone) and antibiotics at 26°C in air1°). The cells were inoculated into 60 mm plastic dishes and allowed to settle for 8-12 hours in medium 199 supplemented with 20 per cent FBS. Then the medium was discarded and the cells were washed once with the medium 199 without FBS and treated with each chemicals added to the medium 199 without FBS, for 60 min at 26°C. The cells were washed with the medium 199 twice after the chemical treatment, then fresh medium 199 supplemented with 20 per cent FBS was added. All the chemicals, 4-nitroquino line-l-oxide (4NQO; Wako Pure Chemicals), 1-methyl-3-nitro-l-nitrosoguanidine (MNNG; Nakarai Chemicals), mitomycin C (MMC; Kyowa Hakko), and bleomycin (BLM; Nippon Kayaku), were dissolved in 70 per cent ethanol just prior to use (ethanol itself had no effect on the cellular survival under the present experimental concentration). After 10-14 days incuba tion at 26°C without medium change, the colonies were fixed and stained. Colonies containing 50 or more cells were counted as survivors. The surviving fraction for each point was nor malized to those of control cultures processed in the same way at the same time. Table I summarizes the radiation sensitivities of the three cell lines along with the general growth characteristics of the cells compiled from the previous publications'''' 10), the number of passages are same with those used in the present experiments. RBCF-1 and CAF-MM 1 cells were more sensitive to UV irradiation than GEM 199 cells, while Do values after y-irradiation were not greatly variable. Figure 1 shows the dose-survival curves of the three goldfish cell lines treated with 4NQO, 
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